This study investigated the chemical composition and in vitro anticancer activities of the essential oil isolated from the leaf of Neolitsea variabillima. The essential oil was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. Sixty-seven compounds were identified, representing 100% of the oil. The main components identified were trans-β-ocimene (13.4%), α-cadinol (10.5%), terpinen-4-ol (9.3%), τ-cadinol (9.2%), β-caryophyllene (8.8%), and sabinene (6.7%). The anticancer activities of oil were evaluated. The results showed that the oil exhibited cytotoxic activity against human oral, liver, lung, colon, melanoma, and leukemic cancer cells. The presence of β-caryophyllene, τ-cadinol, and -cadinol significantly contributed to the anticancer activities of N. variabillima leaf oil.
Neolitsea variabillima (Hayata) Kaneh. & Sasaki (Lauraceae) (=N. aciculata var. variabillima J.C. Liao) is an endemic species of Taiwan and is distributed from the lowlands to 1500 m [1] . Few studies have investigated the chemical composition and biological activities of the essential oils or other extracts from this species. Thus, we used hydrodistillation to collect the leaf oil, and it was analyzed by GC-FID and GC-MS. In the second part of the study, we examined the in vitro anticancer activities of the leaf oil. The purpose of this study was to establish a chemical basis for effective multipurpose utilization of the tree species.
Hydrodistillation of N. variabillima leaves gave a yellow oil with a yield of 1.08 ± 0.02 mL/100 g, based on the dry weight of leaves. The identified constituents are presented in Table 1 , where all compounds are listed in order of their elution from the DB-5 column. Sixty-seven compounds were identified (Table 1) , representing 100.0% of the oil. Among the groups, monoterpene hydrocarbons were predominant (36.1%), followed by oxygenated sesquiterpenes (25.9%), sesquiterpene hydrocarbons (23.2%), and oxygenated monoterpenes (14.9%). Among the monoterpene hydrocarbons, trans-β-ocimene (13.4%) and sabinene (6.7%) were the major compounds. Of the oxygenated sesquiterpenes, α-cadinol (10.5%) and τ-cadinol (9.2%) were the chief compounds, whereas of the sesquiterpene hydrocarbons, β-caryophyllene (8.8%) was the major component. Terpinen-4-ol (9.3%) was the chief components among the oxygenated monoterpenes. Other representative compounds were α-pinene (3.1%), β-pinene (2.6%), 1,8-cineole (2.5%), γ-terpinene (3.7%), and bicyclogermacrene (2.0%).
Although the leaf oil constituents of N. variabillima was primarily monoterpenoids, like those of N. oblongifolia and N. umbrosa [2] , their main components differed. Further comparison with the leaf oil of N. aciculate [3a] , N. parvigemma [3b] Table 2 ). This is the first report on the anticancer activities of N. variabillima leaf essential oil.
However, to ascertain the compounds responsible for the anticancer activities of N. variabillima leaf oil, the main components were individually tested for their anticancer activities. Sabinene, trans-β-ocimene, terpinen-4-ol, β-caryophyllene were purchased from the Fluka Co. (Milwaukee, USA), τ-cadinol, and -cadinol were isolated from the essential oil of M. philippinenensis according to the method proposed by Ho et al. [4a] . The results showed that the active compounds were β-caryophyllene, τ-cadinol, and -cadinol. The IC 50 values of the three compounds against the six cancer cells were 24.0, 18.9, and 9.9 μg/mL against OEC-M1 cells; 111.2, 38.6, and 12.1 μg/mL against J5 cells; 31.3, 18.6, and 10.8 μg/mL against A549 cells; 9.8, 30.6, and 0.8 μg/mL against HT-29 cells; 3.2, 2.5, and 1.3 μg/mL against UACC-62 cells; and 4.6, 3.6, and 2.8 μg/mL against K562 cells, respectively (Table 2) . β-Caryophyllene is reported to be cytotoxic against a number of human cancer cell lines including MCF-7, MDA-MB-468, UACC-257, A549, Hela, and HT-29 [4b, 4c]. τ-Cadinol has been reported to be cytotoxic to A549, MCF-7, and HT-29 [4d]. α-Cadinol is also reported to be cytotoxic against three human cancer cell lines, including A-549, MCF-7, and HT-29 [4e]. The presence of β-caryophyllene, τ-cadinol, and -cadinol significantly contributed to the anticancer activities of N. variabillima leaf oil. , and incubated at 37°C with 5% CO 2 incubator and 95% humidity.
Experimental

Cell viability assay:
The cytotoxicity of the essential oil was assessed using the alamarBlue® proliferation assay according to a protocol from AbD Serotec. Cells (3000 cells/well) were incubated with either essential oils (dissolved in DMSO, final 0.1% DMSO in medium) or vehicle control (0.1% DMSO) for 24 h and 48 h, followed by replacing with fresh medium containing 10% alamarBlue® reagent for an additional 6 h. The absorbances at 570 nm and 600 nm were measured by a microplate reader. All data were the average of triplicate analyses [7] . 
